We report on the rst results of a long-term project to derive distances of galaxies at cosmological distances by applying the CO-line width-luminosity relation. We have obtained deep CO-line observations of galaxies at redshifts up to cz 29; 000 km s 01 using the Nobeyama 45-m mm-wave T elescope, and some supplementary data were obtained by using the IRAM 30-m telescope. We have detected the CO line emission for several galaxies, and used their CO line widths to estimate the absolute luminosities using the line-width-luminosity relation. In order to obtain photometric data and inclination correction, we also performed optical imaging observations of the CO-detected galaxies using the CFHT 3.6-m telescope at high resolution. The radio and optical data have been combined to derive the distance moduli and distances of the galaxies, and Hubble ratios were estimated for these galaxies. We propose that the CO line width-luminosity relation can be a powerful method to derive distances of galaxies to redfhift of z 0:1 and to derive the Hubble ratio in a signicant volume of the universe.
within 10,000 and 30,000 km s 01 . This sample selection may include some danger in applying the TullyFisher relation because of possible peculiarities in optical absolute magnitudes for the FIR luminous galaxies: We m a y need to evaluate the accuracy of the relation for such FIR luminous galaxies, which remains problem for the future. The result presented here should be taken as a demonstration of the possible usage of the CO Tully-Fisher relation for measuring distances of galaxies of these large distances. However, we mention that such a FIR luminous starburst galaxy NGC 253 is included in the small number of standard calibrators of the Tully-Fisher relation. It is also known that IRAS galaxies obey a standard Tully-Fisher relation (van Driel et al 1995) .
We obtained additional CO-line spectra for some galaxies using the IRAM 30-m mm-wave telescope. We also obtained high-quality optical imaging of detected galaxies in CO in order to measure the inclination and magnitude using the Canada-France-Hawaii 3.6-m telescope. In this paper, we report a rst-step result of the measurement of CO line proles in order to demonstrate that the line proles can be obtained in routine work within a reasonable integration time, and that distances can be obtained by applying the Tully-Fisher relation. We also report on optical imaging observations of several CO-detected galaxies, and try to obtain a possible value of the Hubble ratios.
CO-Line Observations

Observations
We have selected spiral galaxies which satisfy the following criteria using NASA Extragalactic Database (NED); 1) galaxies with red-shift between 10,000 km s 01 and 30,000 km s 01 , 2) with position error less than 10 00 , 3) with relatively strong far infrared emission at 60 m and 100 m. The rst criterion was set to select distant galaxies for which the HI Tully-Fisher relation cannot reach. The highest redshift galaxy was IRAS 08344+5105 which had cz = 29029 km s 01 . The second criterion was set so that the position error is small enough compared to the beam size of CO-line observation. Accurate positions of the sources were measured on the Palomar Sky Survey Prints using the position measuring facilities at the Kiso Observatory, as well as using the STScI Digitized Sky Survey images. We have also checked the accuracy of position using the STScI Digitized Sky Survey images. The third criterion was to select galaxies which are expected to be bright in the CO-line emission. One might suspect that galaxies with bright infrared emission could deviate from the Tully-Fisher relation for normal galaxies. However, van Driel et al.(1995) studied so-called IRAS Minisurvey galaxies and showed that there is no signicant dierence between Tully-Fisher relation for IRAS selected galaxies and that for normal galaxies. Among galaxies which satisfy these criteria, interacting galaxies and Seyfert-type galaxies are excluded. Galaxies with larger error of recession velocity than 100 km s 01 are also excluded, though galaxies for which the error of recession velocity is unknown are included. There are some galaxies for which types are not known through NED. For such galaxies, we have conrmed that they are disk galaxies and do not show interaction on the Palomar Sky Survey Prints.
Observations of the 12 CO(J = 1 0 0) line of distant cluster galaxies were made on 1994 January 14 to 23, 1994 December 9 to 12, and 1995 January 6 to 10, March 13 to 17, 1995 December 17, 18, 21, 22, and 1996 February 18 to 22, using the 45-m telescope of the Nobeyama Radio Observatory. The antenna had a HPBW of 15 00 at the CO line frequency, and the aperture and main-beam eciencies were a = 0 : 35 and mb = 0 : 50, respectively. W e used two SIS (superconductor-insulator-superconductor) receivers with orthogonal polarization which were combined with 2048-channel acousto-optical spectrometers. The total channel number corresponds to a frequency width of 250 MHz, and, therefore, to a velocity coverage in the rest frame at the galaxy of c 250MHz= obs = c(1 + z)(250 MHz/115.2712 GHz)=650(1 + z) k m s 0 1 . The center frequency was so tuned that the center channel 1024 corresponds to 115.2712(1 + z) GHz for each galaxy.
After combining every 32 channels in order to increase the signal-to-noise ratio, we obtained spectra with a velocity resolution of 10.2 km s 01 . The system noise temperature (SSB) was 300 to 400 K at the observing frequencies. The calibration of the line intensity was made using an absorbing chopper in front of the receiver, yielding an antenna temperature (T 3 A ), corrected for both the atmospheric and antenna ohmic losses. We used an on-o switching mode, and the on-source total integration time was 2 to 6 hours for each galaxy. After careful agging and subtraction of linear baselines, the rms noise of the resultant spectra at velocity resolution of 10 km s 01 was typically 2 mK in T 3
A . The pointing of the antenna was tested by 3 observing nearby SiO maser sources at 43 GHz every 1 to 1.5 hours, and was typically within 63 00 during good weather conditions which were attained for about one fourth of the allocated observing time.
CO-line Proles and Results
Among the observed galaxies, sucient quality data have been obtained for fteen galaxies including eight galaxies with CO-line detection. Good CO line proles were obtained for several galaxies with a sucient signal-to-noise ratio for determining the velocity width. CO-detected galaxies are NGC 6007, IZw 23, IC2846, CGCG 1448.9+1654, CGCG 1113.7+2936, CPG 60451, CGCG 1417.2+4759, and IRAS 17527+6422. We obtained possible (marginal) detection for two galaxies, IRAS 14210+4829 and IRAS 23420+2227. These galaxies are listed in Table 1 , and the spectra are shown in Fig. 1 . The intensity scale used in this paper is the antenna temperature (T 3 A ). The abscissa in Fig. 1 is relative recession velocity V 0 with respect to the optical redshift (cz) given in table 1. We have also performed CO line observations using the IRAM 30-m Telescope, and obtained detection for CGCG 1417.2+4759. The observation with the IRAM 30-m telescope was made on July 9, 1994, equipped with an SIS receiver of system temperature of 270 K and combined with a 256-channel lter-bank spectrometer of a velocity coverage 1400 km s 01 . The CO prole from the IRAM 30-m telescope is also shown in Fig. 1 .
The proles for the detected galaxies show a nearly double-peaked emission, which is characteristic of a rotating disk. From these data we have measured the line width, peak antenna temperature, and line intensity for individual galaxies. The results are listed in Table 2 . The farthest galaxies for which the COline has been detected in the present program are IRAS 23420+2227 and IRAS 17527+6422 at cz = 26022 and 26151 km s 01 , respectively.
{Fig. 1; Tables 1, 2{ Our program included farther galaxies with redshift to cz = 29000 km s 01 , and good data were obtained for several galaxies after integration of a few hours. Some examples are shown in Fig. 2 In order to obtain photometry, morphology and inclination of the CO detected galaxies, we have performed high-quality optical imaging observations of three galaxies, CGCG 1417.2+4759, CGCG 1448.9+1654, and CPG 60451. The galaxies were so chosen that they are among galaxies showing the best quality CO line proles observed during the 1994/1995 missions, and are within a right ascension range observable during the allocated time of optical observation. The observations were made using the Canada-France-Hawaii 3.6-m Telescope (CFHT) on June 30 -July 1, 1995. Additional images have been taken with the 105-cm Schmidt telescope of the Kiso Observatory in January 1994. Using these data, we have determined the apparent magnitudes and inclinations of the galaxies. We summarize the optical data in Table 3 . | T able 3 | Imaging observations were made in Johnson V and Kron-Cousins R C and I C bands at the CanadaFrance-Hawaii 3.6-m Telescope with the SIS (Subarcsecond-Imaging-Spectrograph). The Loral3 CCD had an eective imaging area 2048 2 2048 pixels with a pixel size of 15m 2 15m. The camera covered a sky area of 3 0 2 3 0 with a resolution of 0:086 00 per pixel. The exposure times in the V , R C , and I C bands were 900, 900, and 300 sec, respectively. The observations were performed under photometric sky conditions on 30 June, 1995. Standard stars from Landolt (1992) were also observed for ux calibration. The FWHM seeing size was 0:6 0 0:8 00 , which is small enough to determine the morphology of the observed galaxies. The dome screen was exposed to obtain at frames. 4
Standard data processing (bias subtraction and at elding) was performed with the IRAF software package. For further image processing and surface photometry (e.g., sky subtraction and ux calibration) we used the SPIRAL package developed at Kiso Observatory and installed into the IRAF system. The large eld of view gives a suciently large sky area around the galaxies to allow an accurate sky-subtraction. The ux calibration using the standard star frames resulted in a photometric accuracy of about 63%. The transformation to Johnson and Kron-Cousins' standard photometric systems and the atmospheric extinction corrections were determined by analyzing the standard star frames.
Surface Photometry
In Fig. 3 we present R C band images of three galaxies. The contours are drawn at an interval of 1 mag./square arcsec, starting from 26.5 mag./square arcsec. The maps were tted with ellipses to obtain the isophotal magnitudes and the axial diameters. The second column of Table 3 gives morphological types of the galaxies. We stress that the galaxies show quite normal morphology as spirals, and are isolated galaxies. The isophotal magnitudes of the galaxies above 25.5, 26.0, 24.5 mag arcsec 02 levels in the V , R C , and I C bands are presented, respectively. The major A and minor B axial diameters at 25.5 mag arcsec 02 in the V band are given in the last two columns. The typical error in the total magnitude estimate was about 0.03 magnitude.
{ Fig. 3 { We measured the intensity of the galaxies in elliptic annuli of one pixel width centered on the galactic nucleus, after subtracting the sky brightness and stellar images, thus obtaining a growth curve. Since the integrated magnitude in the tail of each growth curve approximately follows an exponential law, asymptotically reaching a constant value, we dene here the total magnitudes as the extrapolation of this curve to innity.
To e v aluate the@Tully-Fisher relation we need the velocity width to be corrected for the inclination i and for redshift eect to an edge-on value at the rest frame. We obtain an intrinsic velocity width in the rest frame referred to the galaxy corrected for the inclination by (1) where W is the rest-frame velocity width given by W = W rest = c1 obs = obs = c(1 + z)1 obs =(115:2712 GHz);
(2) where 1 obs is the observed line width in frequency. We obtain the inclination i of a galaxy from the conventional formula given by Hubble (1926) for oblate spheroid, cos 2 i = ( q 2 0 q 2 0 ) = (1 0 q 2 0 ) (3) with q = b=a and q 0 = c=a, where a, b, and c are the lengths of three axes of the spheroid. Here, we adopt q 0 = 0 : 20 for the present analysis. The measured result is given in Table 4 . The typical error in the estimate of inclination was 63 .
The Galactic absorption A B is taken from Burstein & Heiles (1984) . The internal absorption correction A i are computed by the methods given in Pierce & Tully (1992) . For the K-correction, we take the correction of Fukugita, et al (1995) . The corrected total magnitude is written as (4) Obtained results of the optical measurements are summarized in Table 4 . Typical errors in the magnitude estimate was about 60:1 magnitude except for the systematic errors which might be present in the applied corrections.
{ T able 4 { 5 4. Discussion
Distances and Hubble Ratios
On the basis of our previous study that the CO-line width of a galaxy is equivalent to the HI-line width within the error of the Tully-Fisher relation for local calibrators, we try to derive the distances to the three galaxies for which the optical photometry and imaging have been obtained with the CFHT. We adopt the zero point of the TF relation given by Pierce & Tully (1992) for R and I and by Shimasaku & Okamura (1992) Using the Tully-Fisher relation for the CO-line widths measured in section 2 we derive distance moduli, distances and Hubble ratios V C =r for the three galaxies. Here the recession velocity V C is the value with respect to the rest frame referred to the cosmic background radiation (Smoot et al. 1991) . Distance modulus, distance, and Hubble ratio obtained in individual optical bands (V , R C and I C ) are shown in Table 5 for each object. Error in the absolute magnitude 1M arises from the error in CO line-width measurement 1W as well as from that due to the error in inclination 1W i , and is given by
(8) where K is the coecient of the Tully-Fisher relation in equations (5) to (7), and
Here, 1i is the error in inclination measurement, which was typically 63 . The distance error is then given by 1D=D ' 1(m 0 M )=5 = 1 5 p 1 m 2 + 1 M 2 :
(10) Here 1m is the error in the photometric measurement of apparent magnitude. In the present case the error in the apparent magnitude ( 0:1 mag.) is much smaller than that of the estimate of absolute magnitude arising from the line-width measurement and inclination correction. Hence, we have
The measured values in the V , R C , and I C band are shown in Tables 4 and 5 . The errors shown here do not include systematic error in the adopted photometric corrections or the internal scatter within the Tully-Fisher relation itself. As to the CO line width of CGCG 1417.2+4759 we adopted the CO data from IRAM 30-m telescope. The Hubble ratio obtained for CGCG 1417.2+4759 from the NRO 45-m telescope data is as large as 110 km s 01 /Mpc, while the data from IRAM 30-m gives a value around 80, and we here adopt the value from IRAM data. The larger value of Hubble ratio from the NRO data appears to be due to an underestimate of the velocity width because of the smaller velocity coverage in the spectrometer at NRO than the IRAM 30-m telescope. The obtained Hubble ratios in We have underway a long-term program using the Nobeyama 45-m mm-wave telescope, and partly using the IRAM 30-m telescope, to study the CO-line width-luminosity (CO Tully-Fisher) relation. In this program, we have shown that the present method can be a useful technique to derive distances of galaxies at redshifts greater than cz 10; 000 km s 01 , at which the HI-line Tully-Fisher relation becomes more dicult to be applied. Although the number of CO detection is not sucient for conclusive determination of the Hubble ratio, we have obtained reasonable values for a few galaxies. We indeed tried to observe more distant galaxies, whose redshifts were as large as z 0:1, in January and February of 1996. We obtained marginal detection for a few galaxies as listed in Table 1 and 2, and their CO line proles are shown in Fig. 1 and 2 . In order to derive the Hubble ratios of these galaxies, however, high-resolution optical imaging as shown in Fig. 3 is required, which will be performed in the near future.
Our present sample selection may include some danger in applying the Tully-Fisher relation because of possible peculiarities of FIR luminous galaxies, although the optical imaging (Fig. 3) has shown that the three galaxies used here are of normal morphology. However, we mention that FIR luminous galaxies from the IRAS minisurvey follow the Tully-Fisher relation (van Driel et al 1995) . We also note that such a FIR luminous starburst galaxy as NGC 253 is included in the small number of standard calibrators of the Tully-Fisher relation, indicating that the FIR luminosity does not necessarily disturb this relation. Table 1 . Galaxies detected in the CO line emission y . Fig. 1 , but non-detection or marginal for the farthest galaxies up to cz = 29000 km s 01 in the present program obtained under good conditions. Some show a sign of detection, while not conclusive as yet. Fig. 3 : Optical images taken with the CFHT 3.6-m telescope in R C band of galaxies CGCG 1417.2+4759, CGCG 1448.9+1654, and CPG 60451 in contour map and gray-scale representations. Contours are drawn at an interval of 1 mag./square arcsec, starting at 26.5 mag./square arcsec.
